Background: Hamstring injuries are the second most common injury causing missed days in professional baseball field players. Recent studies have shown the preventive benefit of eccentric conditioning on the hamstring muscle group in injury prevention. Specifically, Nordic-type exercises have been shown to decrease the incidence of acute hamstring injuries in professional athletes.
An injury to a professional baseball player causing missed days and time on the disabled list is of large competitive and financial interest for professional baseball organizations. For the athlete, the injury can be devastating, with prolonged down time and potential for chronic impairment. Hamstring injuries represent an exceedingly common proportion of professional baseball injuries. In the top level of Major League Baseball (MLB), hamstring injuries are the fourth leading cause of days on the disabled list for all players, regardless of position (8.0% of injuries), and the second leading cause of days on the disabled list for field position players (13.7% of injuries).
14 Despite these high numbers, very little preventive techniques to decrease the incidence of hamstring injury in the professional baseball player have been investigated in a prospective manner.
The function of the hamstring muscle group is hip extension and knee flexion. During walking, the force requirements of the hamstring group are significantly less than the requirement during sprinting activities. 5, 16 Furthermore, neuromusculoskeletal models have demonstrated peak hamstring force and stretch occur during the lateswing phase of the running gait cycle. It is at this point, when the hamstring muscles are generating tension while lengthening (eccentric contraction) to decelerate knee extension, where the hamstring muscle group is at high risk of injury. 5, 10, 16, 19 As a result, eccentric conditioning of the hamstring muscle group has been proposed as a method to prevent hamstring injuries. 3, 6, 9, 17 The majority of hamstring injuries that occur during baseball play occur during high-intensity sprinting, seemingly during this late-swing phase of the gait cycle.
14 Baseball players may be at particular risk due to prolonged periods of standing with intermittent quick acceleration.
Brockett et al 3 first developed a simple eccentric hamstring strength training program that was further adapted by Mjølsnes et al 12 and is known as the Nordic Hamstring Exercise. Mjølsnes et al 12 demonstrated the simplicity of the Nordic exercise without the need for special equipment and the ability to increase the eccentric strength in the hamstring muscles of male soccer players. 12 The most widely accepted international application of the Nordic exercise has been documented in professional soccer and rugby. Petersen et al, 13 in a large cluster-randomized control trial throughout all levels of professional and amateur soccer in Denmark, demonstrated that the addition of Nordic exercises decreased the rate of overall, new, and recurrent acute hamstring injuries. Brooks et al 4 and Gabbe et al 8 also showed that the addition of Nordic hamstring exercises reduced the incidence and severity of hamstring muscle injuries sustained in professional rugby players.
To the best of our knowledge, no investigation of the Nordic exercise in a professional baseball organization is available in the literature. Prospective examination of the Nordic exercise and its application to professional baseball is warranted. Therefore, we designed a prospective study, in coordination with a single MLB organization, examining the preventive effects of Nordic exercises on the incidence of acute hamstring injuries in the professional-level baseball player.
MATERIALS AND METHODS

Participants and Study Period
Participants for this study included individuals throughout all levels of competition in a single MLB organization (major and minor league teams) for a single season. For the purposes of this study, 1 season consisted of the regular season (162 games) as well as all spring training activities prior to the season. The levels of competition included 1 MLB team, 1 AAA team, 1 AA team, 1 High A team, 1 A team, and 3 Rookie League teams. Players who were traded, released, or who had an incomplete workout data set were excluded from the study. A small subset of players that were drafted in the 2012 MLB draft during the middle of the season were included in the study as they were subjected to a minicamp with Nordic exercises initiated prior to participating in games. The ramp-up period during the rookie minicamp was the same as the rampup period for existing players during spring training, approximately 6 weeks. This study was approved by the institutional human subjects committee prior to the intervention or data collection.
Intervention
Prior to the beginning of the season, all strength and conditioning coaches were instructed to initiate Nordic hamstring exercises in the daily workouts of all players throughout the organization during the 2012 season excluding the 40-man roster. The 40-man roster, which includes all players signed to a major league contract who can be ''called up'' during the course of the season, was used as a control group in this study. The Nordic exercise could be done either with a partner or using specialized equipment. The athlete begins the exercise on his knees with his torso perpendicular to the ground, while his partner/ ankle-holder applies pressure to his heels/ankles to ensure the athlete's feet stay in contact with the ground throughout the motion of the exercise (Figure 1 ). The athlete then resists a forward-falling motion by eccentrically engaging the hamstring muscles (Figure 2 ). The athlete is instructed to resist forward-fall as long as possible, attempting to reach a position parallel to the floor. The athlete then allows his body to fall using his hands and arms to cushion the impact and quickly push up to the starting position ( Figure 3 ). All athletes were supervised by organization strength and conditioning coaches who dictated when the exercise was performed during the training session and ensured that it was performed properly. All players were instructed to perform adequate warm-up prior to initiation of training sessions.
Using a standardized report form, the individual workouts of 283 professional players were prospectively recorded for the entire 2012 season, including spring training activities. All strength and conditioning coaches were contacted to ensure the accuracy of the daily workout reports at the end of the season. For this analysis, the intervention group was further separated into compliant and noncompliant groups. The compliant intervention group consisted of any player completing an average of 3.5 repetitions of the Nordic exercise per week throughout the entire season.
Injury Assessment
The athletic trainers for this MLB organization reported the occurrence of all hamstring injuries sustained, including specific details and mechanism of injury, on a standardized injury report form throughout the season. The definition of a hamstring injury for the purpose of this study was any injury to the hamstring muscle group that caused a player to be removed from the line-up for at least 1 day. Injury diagnosis was based on clinical examination, and no further imaging or diagnostic investigation was required. Recurrent hamstring injuries were not included in the study; however, the sentinel injury for a player was included for data analysis. A player was deemed to have returned to play when he was removed from the disabled list and able to participate in full baseball activities. The total number of days spent out of the line-up as a direct result of a hamstring injury for the entire organization during the 2012 season was also recorded. This was compared with similar data from the 2010 and 2011 seasons.
Statistical Analysis
All data were recorded utilizing a single Excel spreadsheet (Microsoft Corp). A Fisher exact test was used to identify proportional differences of hamstring injuries between intervention and control groups. The number needed to treat (NNT) was calculated. Differences in mean repetitions between injured and noninjured groups were calculated using the Student t test at multiple time points (total, 6, 4, and 2 weeks) prior to date of injury.
RESULTS
A total of 283 athlete workout schedules were recorded throughout the 2012 MLB season. After subjects were excluded due to being traded, released, or having an incomplete data set, there were 243 total players included in this study. The control group was composed of those athletes on the organization's 40-man roster. Two players on the 40-man roster were traded during the season and were not included. Four other players had nonhamstring injuries during the 2012 season that caused them to be sent to rehab assignments within the intervention group. These 4 players were subjected to Nordic exercises during the time they were playing at lower levels. As a result, these players were included in the intervention group. Any player in the intervention group who was noncompliant with the intervention exercises (performed <3.5 repetitions/week on average) was removed from the group. The final number of players in the control group was 34, and there were 65 compliant athletes within the intervention group (Figure 4) . Consequently, the control group (40-man roster) had no participation in Nordic exercises, and the non-40-man roster had both a partial participation group (noncompliant, <3.5 mean repetitions/week) and the intervention group (compliant, >3.5 mean repetitions/week). Demographics and position types were evaluated and found to be similar between groups with the exception of age (Table 1) .
Of the 243 athletes in this study, 10 sustained hamstring injuries during the 2012 season that required removal from play. Of the players injured, 8 were field position players and 2 were pitchers. All but 1 injury occurred during competitive play (Table 2 ). There were no hamstring injuries that occurred in the intervention group (n ¼ 65, 0.00%), and 3 hamstring injuries that occurred in the control group (n ¼ 34, 8.82%; P ¼ .0382). The NNT for preventing 1 hamstring injury was 11.3 (Table 3 ). Comparing the intervention group with the control and noncompliant groups, there were significantly less injuries within the intervention group (P ¼ .041) ( Table 4) . When comparing the intervention and noncompliant group versus the control group, there was a trend toward fewer injuries; however, it did not achieve significance (P ¼ .150) ( Table 5) . No injuries occurred while performing the Nordic exercises.
The mean repetitions per week of the injured group was assessed at multiple time points (2 weeks, 4 weeks, 6 weeks, and total weeks) prior to injury (Table 6 ). There were significantly fewer repetitions per week performed in the injured group at all time points compared with the overall mean repetitions per week in the noninjured group (P ¼ .0459, .0127, .0164, and .0299, respectively).
In the 2012 season, 136 total days were missed due to hamstring injury in the intervention and control groups combined, compared with 273 days missed in 2011 and 309 days missed in 2010 (Table 7) .
DISCUSSION
This is the first prospective trial documenting a reduction in the incidence of hamstring injury in the professionallevel baseball player after the implementation of eccentric strengthening exercise. The current literature regarding hamstring injuries in professional baseball players is scarce. The majority of publications regarding lower extremity injuries in elite-level baseball players (professional and collegiate) are limited to epidemiological surveys. 7, 11, 14 The current literature on the preventative effects of eccentric conditioning of the hamstring muscle group was performed with soccer and rugby athletes, where, similar to baseball, there is a high incidence of hamstring injury. 1, 4, 12, 13 These studies indicate that the initiation of eccentric conditioning has a beneficial effect on injury prevention.
Eccentric muscle exercises are defined as active lengthening of muscle fibers while contracting. Proske et al showed the hamstring muscle group is maximally loaded and lengthened during the rapid, late-swing phase of the gait cycle. 15 It is at this point in the gait cycle where the athlete is at greatest risk of injury to the hamstring muscle group. Mjølsnes et al 12 revealed that muscle adaptation is mode specific, meaning eccentric training increases eccentric strength and concentric training increases concentric strength. Therefore, eccentric conditioning serves to potentially prevent hamstring injury. Subsequent bouts of eccentric muscle training have shown to have a cumulative, protective effect on further eccentric exercise-induced injury. 18 These repeat bouts of eccentric overload produce a beneficial and protective adaptation in the length-tension curve of the muscle by recruiting more sarcomeres to allow a stronger and less injury prone contraction at longer muscle lengths. 3 For the purposes of this study, a hamstring injury was defined as an injury significant enough to remove a player from the lineup for at least 1 day. This clear definition is similar to that used by Petersen et al 13 and allows for appropriate legitimization of when the threshold of a debilitating injury has been crossed. Certainly, hamstring injury severity is a spectrum, and some players will compete with more severe injuries while other players will be unable to compete with relatively small injuries. We feel that utilizing imaging to assess hamstring injury severity is often unnecessary and inaccurate in predicting an athlete's ability to play or a timeline for return to sport. We have found that the clinical assessment and physical exam are the best predictors of return to play, and utilizing the days missed due to injury is an appropriate way to document the direct financial implications to a professional team. Since these data were taken directly from the injury reports and the collective documentation by the athletic trainers and physical therapists employed by the participating major league organization, there were likely a low number of missed injuries. The low number of missed injuries combined with the completeness of the data, which included all injuries and workouts performed throughout the entire season, is considered a strength of the trial.
Another strength of the current study is the exclusion of recurrent injuries. There has been previous documentation of a high recurrence of hamstring injuries in athletes who have had a previous hamstring injury; consequently, all recurrent hamstring injuries were not included in this study. 13 Recording recurrent injuries of a player that has already sustained a hamstring injury in previous seasons would likely magnify the difference between groups and lead to an incorrect conclusion.
An athlete was deemed compliant with the Nordic workout schedule if he completed an average of 3.5 repetitions per week or more during the intervention period. This allowed a more accurate representation of the intervention, when performed appropriately. When comparing both compliant and noncompliant athletes (n ¼ 209) with the control group, hamstring injury rates were still higher in the control group (3/34 [8.82%] vs 7/209 [3.35%], respectively), favoring those athletes who performed even a small number of Nordic exercises throughout the season (Table 5) ; this difference did not reach significance (P ¼ .150). When evaluating the intervention group, no injuries occurred in players with adequate compliance to the Nordic exercise. When the injury incidence of the intervention group (0/65; 0%) was compared with the injury incidence of the control group (3/34; 8.82%), the rate of hamstring injuries was significantly lower in the intervention group (P ¼ .0382) ( Table 3) . Also, when the intervention group was compared with both the control and the noncompliant athletes who participated in very few Nordic exercises (n ¼ 178), the incidence of hamstring injuries was significantly less in the intervention group (0/65 [0%] vs 10/178 [5.52%], respectively; P ¼ .041) ( Table 4) .
We believe that an overall average of 3.5 repetitions per week spread throughout the entire year was an adequate level of intervention that one would begin to see therapeutic benefit. Previous studies utilizing Nordic exercises in other sports have shown significance with similar repetitions per week. 4, 13 Certainly, arguments could be made for either greater or less repetitions per week requirements in the intervention group. Since there are no preceding publications to quantify what the appropriate level of repetitions should be, the data were analyzed for trends and significance. It was determined that the critical number of repetitions per week needed to avoid injury was >3.5 repetitions per week on average. Consequently, this value was used to present the current data. This may be used as a guideline for future participation level in athletes who are trying to avoid injury.
Previous studies have documented the prolonged effects of eccentric training of the hamstring muscles with preseason intervention, while others indicate a need for continued training throughout the season. 1, 2, 4, 13 We felt the time points used (2, 4, 6, and total weeks prior to injury) were appropriate in determining acceptable exercise intervention to prevent injury. In our study, of the 10 injured players, none performed Nordic exercises for 6 weeks or greater during the 2012 season. Two players who had hamstring injuries had limited Nordic exercise participation. One player injured was performing the Nordic exercise at a level that one would expect benefit at 2 and 4 weeks prior to his injury. However, this was the only time throughout the season the player actually performed any Nordic exercises. The only other injured player to perform the Nordic exercises at a level of perceived benefit was a player performing the exercise adequately only during spring training. After spring training, he did not perform the exercise at all. His injury occurred near the end of the season, suggesting that performing the Nordic exercises at an adequate level may have a preventive effect that lasts for an extended period of time. The remaining 8 of the 10 injured players never performed a single repetition of the intervention exercise throughout the year. These 2 injured player profiles suggest it may be advantageous to initiate Nordic exercise in the preseason and continue at a maintenance level of participation throughout the season. Further investigation into the timing of Nordic exercise participation is warranted.
Another positive outcome was the decreased number of days missed during the 2012 season for the entire organization due to hamstring injury ( Table 7 ). The decrease in days missed was reported in aggregate for both intervention and control groups, thus making statistical comparison difficult. However, the decrease in days missed cannot be ignored (136 days in 2012, 273 days in 2011, 309 days in 2010). Certainly, there are confounding variables that may have led to the reduction in days missed, the most obvious being the widespread emphasis of eccentric conditioning. There is also no quantification of the severity of the hamstring injuries sustained in this study beyond number of days missed. Although it could be argued that eccentric conditioning not only decreases the incidence of injuries but also decreases the severity of the injured muscle, the current study design does not allow for this conclusion. Additional trials will be needed to determine the financial benefit of eccentric strengthening to the owners and players of MLB.
When examining the difference between the intervention and control (40-man roster) groups, there was a significant difference between the mean ages of players involved. The 40-man roster typically involves older players with more baseball experience. Some may consider this a weakness. However, in our experience treating professional baseball players, hamstring injuries tend to occur in the younger athletes. The reason for this is unclear and likely multifactorial. This difference in injury incidence could be related to player experience in knowing ones limitations on the field as well as additional career years spent in specific baseball conditioning exercises. Younger, minor league players may push themselves more to fight for a spot or contract with the team, increasing their propensity for injury. The fact that the intervention group consisted of younger players, where injuries may occur at a higher incidence, further strengthens our hypothesis.
One weakness of the study was the low overall compliance of the intervention group (31.1%). One possible reason for the low compliance seen in this study is the high number of games played in professional baseball compared with other professional sports. At the highest level of professional baseball in the MLB, a team will play 162 games during the regular season, which consists of approximately 180 days. This leaves time for additional training scarce. Players do train most days throughout the season; however, eccentric conditioning has been shown to produce delayed-onset muscle soreness at greater levels than most traditional concentric conditioning. 12 This increase in delayed-onset muscle soreness may have discouraged some players from performing the exercise during weeks without days off, contributing to low compliance. This is also true during the period of spring training, with as many as 3 games at different levels being played every day.
An additional weakness of the study is the self-selected compliant intervention group. A player who was more likely to perform a prescribed exercise is potentially more likely to perform other activities that could prevent injury, introducing selection bias. These activities could range from other preventive exercises, sufficient sleep regimens, or adequate hydration. The ability to control for all these variables may be futile. However, we do acknowledge this weakness in the current study. It is thought that the current analysis appropriately describes the data collected, and that a player performing a certain quantity of eccentric hamstring strengthening exercises can obtain preventive benefit.
Another limitation of the study was there was no preseason isokinetic exercise testing completed identifying players with potential muscle imbalance. These data were not collected for the purposes of this study but would certainly be important information to have, as muscle imbalance could be a confounding factor for hamstring injury. Future studies would benefit with inclusion of this information.
CONCLUSION
This prospective controlled trial demonstrates that the appropriate administration of Nordic exercises decreases the incidence of new hamstring injuries in the professional baseball player. Consequently, total days missed from baseball activity may also be decreased. The small time commitment and low cost of this exercise make it ideal for any baseball organization. Future investigations involving baseball players at all levels are required to fully investigate this intervention and the direct benefit to players, coaches, and owners.
